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perspective of a country. The Krugman-Young analysis has been reexamined and extended to other countries. 1 All these studies use the growth accounting framework, which is based on an aggregate production function expressed in growth rates. The results of the growth accounting exercise therefore depend on the specification of the production function. The bulk of the literature has adopted the Cobb-Douglas production function, which typically sets its parameter, the share of the remuneration of physical capital in aggregate output, to a benchmark value of one-third as suggested by the national income accounts of some industrial countries. 2, 3 This numerical specification is assumed to be the same across countries, which implies identical production technology for all countries. Although most authors provide some sensitivity analysis on the value of the share of physical capital, they do not address the issue of adequacy of the assumption of identical technologies across countries. If the data fail to support this assumption, and there is no compelling reasons to believe it does-on the contrary, one may think of many reasons why technologies differ across countries and regions-the comparison of the sources of growth across countries and regions may be flawed.
For the growth accounting exercise in this paper, the assumption of identical technologies across regions is relaxed. The 88 countries in the sample are divided into six regions. The production function is assumed to be identical across countries within the same region but different among countries across regions. The estimates of the production function for each region are obtained by averaging individual country estimates belonging to each region.
An argument often made in the literature against the estimation of production functions for determining the share of physical capital (the key parameter in the accounting exercise) is the problem of potential endogeneity of the explanatory variables, namely capital and labor inputs. The Fully Modified estimator, which is used to estimate the production function of each country, corrects for this potential problem as well as for the likely autocorrelation of the error term.
The estimation of the production function also raises the issue of whether to estimate it in levels or in first differences. As is well known, the first difference operator removes all the long-run information in the data. One important insight from the cointegration literature is that we know much more about the long-run than the short-run relationship between macroeconomic variables. Consequently, by differencing, we disregard the most valuable part of information in the data.
In the context of production function estimation, this point is particularly relevant. It will be shown below that the growth rate of real GDP varies much more than does the growth rate of capital (both physical and human) and labor inputs; thus the link between GDP growth and input growth is likely to be very weak. Furthermore, the business cycle frequencies of the production process may be dominated by variations in capacity utilization factors that are difficult to measure, especially for developing countries. In light of the discussion above, the production function will be estimated in levels. Nonetheless, given that the Cobb-Douglas production function has traditionally been estimated in first difference, the paper will also provide first-difference estimates for comparison.
This growth accounting exercise uses a different production function estimate for each region to break down the growth rate of real GDP into contributions from capital and labor for the 88 countries in the sample and six regional aggregates. The analysis of TFP covers the periods 1960-73, 1974-86, 1987-94, and 1960-94 and the issue of robustness is examined through extensive sensitivity analysis.
Few studies have attempted to explain cross-country differences in TFP. Those studies that have made the attempt focused on cross-country differences in growth rates of TFP, with the notable exception of Hall and Jones (1999) , who show that a significant share of the cross-country variation in TFP level can be explained by "social infrastructure." 4 Three factors explain why levels matter more than growth rates. First, growth rates are important only to the extent that they are a determining factor of levels. Second, recent contributions to the growth literature focus on levels instead of growth rates. For example, Easterly and others (1993) show that growth rates over decades are only weakly correlated, suggesting that crosscountry differences in growth rates may essentially be transitory. Moreover, several recent models of technology transfer across countries imply convergence in growth rates as technology transfers prevent countries from drifting away from each other indefinitely. In these models, long-run differences in levels are the pertinent subject of analysis. And, third, the cointegration literature has clearly demonstrated the superiority of level equation versus first-difference equations when series are nonstationary. Formal unit-root tests show indeed that these variables cannot reject the unit-root hypothesis.
As in Hall and Jones (1999) , this paper analyzes the determinants of crosscountry differences in TFP levels, but with three important differences. First, Hall and Jones assume the same technology-across countries and regions-by setting the share of physical capital to one-third for all countries, but this paper assumes different technologies for each of the six regions and estimates the technology parameter econometrically. Second, Hall and Jones focus on the institutions as the determining factor of cross-country differences in TFP levels. While institutions undoubtedly play a fundamental role in shaping the productive capacity of a country, it is difficult to quantify their effects because good proxies for the quality of institutions do not exist. Third, while Hall and Jones use cross-section data to conduct their analysis, this paper uses panel data, which enriches the analysis by
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considering not only the cross-country differences in the TFP level but also the evolution of TFP for a given country. This paper aims to: • estimate individual country production functions using econometric techniques that take into account the endogeneity of production inputs and the nonstationarity in the data; • using the production function estimates, relax the assumption of identical technologies across regions and conduct a growth accounting exercise for 88 countries for ; and • analyze the determinants of cross-country differences in TFP levels.
Section I briefly reviews the growth accounting framework, discusses the estimation strategy of individual country production functions, and analyses the estimation results. Section II uses the results from Section I to conduct the growth accounting exercise for 88 countries grouped into six regions. Section III examines the determinants of the TFP level. Section IV reports the conclusions.
I. Country and Panel Estimates of the Production
Function Parameters
Methodology and Data Sources
The production function parameters are central to the decomposition of output growth into contributions from physical capital, labor, and productivity. This section provides estimates of these parameters for the following production function:
where Y t is gross domestic product in real terms, A t is total factor productivity, K t is the real capital stock, L t is total employment (or the labor force if employment is not available), H t is an index of human capital, and thus L t H t is a skilled-adjusted measure of labor input. Taking logs and differentiating totally both sides of equation (1) yields (2) where the lowercase variables with a "hat" correspond to the growth rate of the uppercase variables described in equation (1). 5 Equation (2) decomposes the growth rate of output into the growth of TFP, and a weighted average of the growth rates of physical capital and skill-augmented labor. Under constant returns to scale (assumed here), these weights are given by the shares of these two inputs in aggregate output. 6ˆˆ-ˆŷ
The remainder of this section briefly describes the series Y t , K t , L t , and H t . 7 K t is based on a perpetual inventory estimation with a common geometric depreciation rate of 0.04. Generally, estimates of the physical capital stock are considered unreliable because of lack of information about the initial physical capital stock and the rate of depreciation. However, the World Bank data set used by Collins and Bosworth (1996) incorporates the results of previous studies of individual or small groups of countries in which the physical capital stock was estimated from investment data going back to 1950. 8 Both Y t and K t are in local currency, 1987 constant prices. In order for the TFP levels to be comparable across countries, the data on Y t and K t were converted into 1987 international prices, using the purchasing power parities for 1987. For industrial countries, the quantity of labor, L t , is actual employment. For developing countries, L t is the International Labor Organization's estimate of the economically active population. The index H t was constructed following Barro and Lee's (1994) methodology based on educational attainment. H t is defined as follows: (3) where P jt represents the share of the population that completed the level of education j, where j varies from 1 (corresponding to the share of the population with no schooling) to 7 (corresponding to beyond secondary education). W jt represents aggregation weights based on the observed relative earnings of the different educational groups. 9 The data are available for 88 countries and cover 1960-94. Countries included in the sample and the regional groupings are given in the Appendix.
Time Series Estimation of the Production Function
As argued in the introduction, there are compelling reasons for estimating the production function in levels (equation 1). To take into account the potential nonstationarity in the data, the following two-step estimation strategy has been adopted:
• First, test the two variables (real output per capita and the stock of physical capital per capita) in the production function for the presence of a unit root.
• The second step depends on how many variables contain a unit root. If both variables contain a unit root, a long-run relationship between output per capita and physical capital per capita will exist only if they are cointegrated. Phillips-Ouliaris' (1990) cointegration test has non-cointegration as the null hypothesis while Shin's (1994) cointegration test has cointegration as the null.
Unit-Root Test
The unit-root hypothesis is tested using the Augmented Dickey-Fuller (ADF) test, which amounts to running the following set of regressions for each variable:
Note that for k = 1, there are no ∆y t-i terms on the right-hand side of equation (4). The lag length (k) in the ADF regression is selected using the Schwarz Criterion (SC). Table 1 presents the results for the two variables entering the Cobb-Douglas production function-namely output and stock of physical capital, both expressed in terms of skill-augmented labor-for 66 countries. 10 For GDP per capita, the unit-root hypothesis can be rejected at 5 percent or less only for two countries, Sierra Leone and Uruguay. For physical capital per capita, the unit-root hypothesis can be rejected at 5 percent or less for the following eight countries: India, Indonesia, Italy, Malaysia, Myanmar, Pakistan, Thailand, and Uruguay. Uruguay is the only country for which the unit root can be rejected for both variables. These results show that, in general, the unit-root hypothesis cannot be rejected at conventional significance levels. Thus, the estimation of the production function requires a cointegration framework. 11
Estimation Results
This paper uses the Fully-Modified (FM) estimator developed by Phillips and Hansen (1990) and Hansen (1992) to estimate the production function. The FM estimator is an optimal single-equation method based on the use of OLS with semiparametric corrections for serial correlation and potential endogeneity of the right-hand variables. The FM estimator has the same asymptotic behavior as the full systems maximum likelihood estimators. 12 The correction for potential endogeneity of the explanatory variables is an attractive property of the FM estimator since physical capital per capita is likely to be endogenous.
The production function was estimated for 66 countries, 46 of which are developing countries. Since the literature has predominantly used the first-difference specification, this paper provides estimates of α (the share of physical capital in aggregate output) in both levels and first differences for comparison (see Table 2A ). 13 12 For more details see Phillips and Hansen (1990) , Loretan (1991), and Hansen (1992) . 13 In addition, regional panel regressions have been estimated using a variety of panel estimation methods. These panel regressions yield similar results to the regional averages of individual country estimates reported in Table 2B , and therefore have been omitted. See Senhadji (1999) for details. Note: Variables are as follows: real GDP divided by skill-augmented labor, Y/(L*H), and physical capital divided by skill-augmented labor, K/(L*H). These two variables are tested for the existence of a unit root using the Augmented Dickey-Fuller (ADF) test. The optimal lag selected by the Schwarz criterion in the ADF regression is given by k. Critical values are a linear interpolation between the critical values for T = 25 and T = 50 (where T is the sample size) given in table B.6, case 4, in Hamilton (1994) . Significance levels equal to or less than 5 percent are indicated by the symbol *. 
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where A t is total factor productivity, K t is the stock of physical capital, L t is the active population, and H t is an index of human capital, both in levels and first difference for 66 countries. The following statistics are provided: the adjusted R 2 (R 2 ), the Phillips-Ouliaris (P-O) and Shin's (SH) cointegration tests. The 1, 5, and 10 percent critical values are -4.29, -3.5, and -3.22 for P-O, and 0.184, 0.121, and 0.097 for SH, respectively. Table 2B gives regional summary statistics for Table 2A , which shows the Fully Modified (FM) estimates of the share of physical capital (α) for the following Cobb-Douglas production function:
median, standard deviation, minimum, and maximum of α by region for the FM method.
Estimates of α vary significantly across regions, both in levels and first differences. In levels, sub-Saharan Africa has the lowest mean value (0.43) and industrial countries have the highest (0.64). The mean value for the other regions are Middle East and North Africa (0.63), Latin America (0.52), East Asia (0.48), South Asia (0.56), and the entire sample (0.55). The results are quite different in first differences. East Asia has the lowest mean estimate (0.30), while Latin America shows the highest mean estimate (0.62). However, the mean estimate for industrial countries (0.58) and the entire sample (0.53) are relatively close to the corresponding estimates in levels. There is substantial cross-country variation: the share of capital estimates range from 0.13 to 1.00 in levels, and from 0.01 to 0.99 in first differences. The two estimation methods yield regional estimates that do not differ significantly, except for East and South Asia. The whole sample average is remarkably stable across estimation methods (around 0.55). It is worth noting that the average estimate of the share of physical capital (0.55 in levels and 0.53 in first differences) is significantly higher than the usual values (of 0.33 and 0.40) used in growth accounting exercises. The estimates of α are generally quite precise.
It has often been argued in the literature that the share of physical capital (α) must be higher in developing than in developed countries since the marginal product of capital is higher in developing countries. 14 However, α = (∂Y/∂K)(K/Y) is the product of the marginal product of capital (the term in parentheses) and the capital-output ratio. It is true that under decreasing returns to capital, the marginal product of capital is theoretically higher in developing countries. But by the same reasoning, the capital-output ratio in developing countries is lower. Thus the product defining α can be either lower or higher for developing countries. This ambiguous result is reflected in Table 1 , where some developing regions have higher while others have lower estimates of α than do industrial countries.
Even though estimates of α in first-difference regressions are statistically significant, physical capital normalized by skill-augmented labor accounts for only a modest share of the short-term variation in GDP per capita, corroborating the earlier discussion about estimates in levels versus in first differences. The firstdifference operator eliminates low frequencies, and thus emphasizes short-term fluctuations in the data. As noted earlier, at the business cycle frequencies, the production process may be dominated by capacity utilization and other short-term factors that are not measurable (at least for the large sample used). This implies that level regressions, by combining both the short-and long-term information in the data, should yield more accurate estimates of α.
Finally, for the equations in levels, it remains to be verified whether coefficient estimates provide a meaningful economic relationship that is not the result of a spurious regression. This amounts to testing whether output per capita and capital per capita are cointegrated. The cointegration tests used are the Phillips-Ouliaris (P-O) test, which has non-cointegration as the null hypothesis and the Shin (SH) test, which has cointegration as the null. While P-O rejects the null of noncointegration for only 26 countries (which is likely the result of the test's low power in small samples), the SH test fails to reject the null of cointegration for all 66 countries. Thus, the combined evidence from both tests favors the hypothesis of cointegration.
II. A Comparative Analysis of Sources of Growth
Section I showed that under a constant-returns-to-scale Cobb-Douglas production function, the only parameter determining the contribution of physical capital and skill-augmented labor to growth of output is the share of physical capital, that is parameter α (see equation 2). Tables 2A and 2B show this parameter to vary significantly across countries, regions, and estimation methods. Thus, to be informative, a sources of growth exercise must take into account this variation of α. In other words, a sensitivity analysis is warranted. But even without carrying out a detailed sensitivity analysis, it is easy to analytically show the relationship between TFP growth, which is the key element in this analysis, and the share of physical capital (α). From equation (2), we have:
Taking the first partial derivative of TFP growth (â t ) with respect to α yields (6) Equation (6) implies: (7) An increase in the share of capital will decrease (increase) TFP growth if the growth rate of capital stock is larger (smaller) than the growth rate of skillaugmented labor. Since in most countries, capital grows much faster than labor, the second inequality holds in equation (7). That is, countries with higher capital shares will tend to have lower TFP growth (for similar growth rates of capital and skill-augmented labor). This result is helpful in interpreting Tables  3A and 3B.  Tables 3A and 3B report the decomposition of real output using estimates of from the level and first-difference equations, respectively. Contrary to the usual identical technology assumption underlying the growth accounting exercises in the literature, Tables 3A and 3B relax this assumption by allowing α to differ across regions. The decomposition of output was computed for seven regions (defined in the Appendix): East Asia, South Asia, sub-Saharan Africa, Middle East and North Africa, Latin America, industrial countries, and the whole sample for the periods 1960-73, 1974-86, 1987-94, and 1960-94 .
For each region and period, Tables 3A and 3B provide the decomposition of real output growth (dy) into the growth rate of TFP (dTFP), the contribution of the stock of physical capital computed as its share in real output multiplied by its growth rate (dk c ), the contribution of labor input computed as its share in real output multiplied by its growth rate (dl c ), and the contribution of human capital computed as the share of labor multiplied by the growth rate of the human capital index (dh c ). Each table contains 28 panels corresponding to the product of the seven regions and the four time periods. The first three lines of each panel show the mean, median, and the standard deviation of dTFP, dk c , dl c , dh c , and dy (for the countries of the region). Note that while the mean preserves the additivity property of the decomposition (that is, the sum of dTFP, dk c , dl c , and dh c is equal to dy), the median does not. The lines denoted by ρ L and ρ D give the autocorrelation coefficient of TFP, K, L, H, and Y in levels and first differences, respectively. Several points emerge:
1. As discussed earlier, the question of whether to estimate the production function in levels or first differences is important. Even though the first difference specification is the most common choice in the literature, theoretical arguments favor estimation in levels. For the growth accounting exercise, the question is whether the two estimation methods yield significantly different results. The estimation method does indeed matter and this will be illustrated by comparing the TFP growth performance of East Asia, which has been the focus of much attention and heated debate lately on its sources of growth, using both the level and first-difference equations estimates. The level equations yield an average α estimate of 0.48 while the first-difference equations yield an average estimate of 0.30. These two values imply very different results for the growth accounting exercise (compare Tables 3A and 3B ). When the level equation estimate of 0.48 for α is used, the growth accounting decomposition in Table 3A shows that most of East Asia's growth came from physical capital accumulation during 1960-94, with little productivity gain during the period (TFP grew only at an annual rate of 0.28 percent). 15 Indeed, these countries had very high rates of physical capital accumulation that combined with a high share for physical capital in real output, leaves little room for productivity growth. This result tends to corroborate the view that the engine of growth in East Asia was capital accumulation and not productivity growth. When the estimate of α is taken from the firstdifference equations (0.30), the results of Table 3B tell a very different story. In this scenario, strong productivity growth (an average annual growth rate of 1.34 percent and a median annual growth rate of 1.69 percent) in conjunction with high levels of investment explain the exceptional growth performance in the region. The more likely scenario hinges on the appropriateness of the level versus the first-difference equations. As discussed earlier, level equations should theoretically yield better estimates. Note: Assume output follows a Cobb-Douglas production function: Note: Assume output follows a Cobb-Douglas production function:
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2. Africa had the lowest annual TFP growth (-0.56 from the level equation and -0.66 from the first-difference equation) during 1960-94. The sources of the lower African output growth, 2.83 percent for Africa versus 3.80 percent for the whole sample during 1960-94, are lower physical and human capital accumulation and lower TFP growth. Latin America had the next worst record in productivity growth. The relatively good TFP performance of South Asia is driven to a large extent by China. 3. Contrary to other regions, in industrial countries the contribution of labor to output growth was modest during 1960-94 because the growth rate of their labor force was generally low. Physical capital accumulation accounted for most of their growth. 4. Dividing the 1960-94 period into three subperiods (1960-73, 1974-86, and 1987-94) reveals some interesting insights. Except for Asian countries, growth declined steadily from the first to the third period. Loss of productivity and weakening investments were at the root of the growth slowdown. The relative importance of the two factors changed between the 1974-86 and 1987-94 periods with loss in productivity dominating during the 1974-86 period. Similarly, in Africa output growth declined over the three periods as a result of lower TFP and lower investment growth. Latin America had the largest drop in output growth between the first and second periods, with growth declining from 4.98 percent in the first period-which is identical to the average growth rate over the whole sample during the first period-to 2.42 percent in the second period. A significant drop in TFP (-1.76 percent) is the main source of this sluggish growth during the second period. In contrast, Asian countries have, on average, strengthened their output growth during the second and third periods. However, this general pattern conceals some important differences between East and South Asian countries. East Asia, the region which consistently had the highest growth over the three periods, had lower growth during the second period due largely to a loss in TFP. South Asia actually recorded its highest growth during the second period as a result of higher TFP and investment growth. 5. Even if the individual country or regional TFP growth series varies significantly across different values of α, as Tables 3A and 3B show, they are nevertheless highly positively correlated. 16 The correlation coefficient between the TFP growth series of Tables 3A and 3B for each of the 88 countries is generally positive and close to one, except for a few countries (74 countries have a correlation coefficient larger than 0.9 and 49 countries have a correlation coefficient larger than 0.98). Thus, reasonable variations in α yield time series of TFP growth that are highly correlated. 17 6. Real output in developing countries-particularly in the Middle East and North Africa, sub-Saharan Africa, and Latin America-is twice as volatile as in developed countries. The TFP series inherits this excess volatility (indeed TFP in developing countries is twice as volatile as in developed countries) since the volatility of capital and labor in both categories of countries are comparable. The log of real output, capital, labor, and to a lower degree TFP, are all highly autocorrelated. While the growth rate of output has only a weak positive autocorrelation coefficient, the growth rate of its inputs (physical and human capital) show stronger persistence. This explains why the estimation of the production function in first differences has a relatively poor fit. Physical and human capital and labor are too persistent to explain the important short-term fluctuations in output.
III. Determinants of TFP
While the few studies on the determinants of cross-country differences in TFP have focused on growth rates of real output, this analysis is on levels. Recent theoretical as well as empirical arguments (discussed in the introduction) point to the level of TFP as the more relevant variable to explain. Table 4 reports the estimation results of a set of regressions in which the level of TFP (computed using the estimate of α from the level equation) of each country relative to the level of TFP in the United States (TFPR) is regressed on three sets of explanatory variables. 18 1. Initial conditions: This set contains the initial ratio of TFP levels (TFPR_0) computed as the average of the first five years of the ratio of the TFP level in each country to the TFP level in the United States; the initial ratio of the stock of human capital (HKR_0) and physical capital (KR_0) computed both as the fiveyear average (1960) (1961) (1962) (1963) (1964) In Table 4 , equation (1) tests the convergence hypothesis for TFP by regressing the level of TFP relative to the United States (TFPR) on its initial value (TFPR_0). A coefficient less than one on TFPR_0 implies unconditional convergence. The t-statistic for the hypothesis that the coefficient on TFPR_0 is equal to one (which is equivalent to rejecting unconditional convergence) is given at the 19 This unconditional convergence result is robust to reasonable variations in α. Indeed, the unconditional convergence also holds when the TFP series are computed using the estimate of α from the production function in first difference. 20 This strong convergence result tends to support an augmented version of the neoclassical growth model where human capital explicitly enters the production function.
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Equations (2)- (4) quantify the relationship between the TFP in each country relative to that of the United States and the series of variables described above capturing the initial condition, external shocks facing the countries in the sample, some important macroeconomic indicators, the trade regime, and a proxy for political stability.
All variables have the expected sign. The initial level of TFP relative to that of the United States (TFPR_0) has a coefficient less than one and is highly significant. This implies that conditional convergence also prevails. In addition, the coefficients on the initial ratios of human and physical capital (HKR_0 and KR_0) are positive and significant. While both the relative endowments in human and
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19 Note that the speed of convergence cannot be inferred from the coefficient estimate as is usually done in the growth literature. This requires a pure cross-section sample, whereas a panel is used in this paper. 20 It also holds when α is assumed to be identical for all countries and takes values 0.2, 0.4, and 0.6. Notes: The variables are: initial level of TFP, human capital, and physical capital; all three variables are relative to the level in the United States (TFP2R_0, HKR_0, and KR_0, respectively). Life expectancy (LIFE), terms of trade (TOT), inflation (INFL), public consumption (Cg), real exchange rate (RER), reserve-import ratio (RESM), external debt-GDP ratio (DEBT), dummy variables for current and capital account convertibility with one indicating convertibility (CACON and KCON, respectively), ratio of war casualties to population (DEATH), and regional dummies for subSaharan Africa (DUMAFR), East Asia (DUMEA), South Asia (DUMSA), Middle East and North Africa (DUMME), and Latin America (DUMLA). The panel includes 35 observations (T) for each of the 88 countries (N), yielding a maximum sample size of 3,080 observations. Except for equation (1), the sample size is smaller as some of the explanatory variables only exist for a subsample.
The superscripts a and b indicate significance at 1 and 5 percent, respectively.
physical capital are important determinants of relative TFP, human capital has a much stronger effect in the sense that its coefficient is approximately 10 times larger than the coefficient on physical capital. This does not reflect simply a unit problem as both variables are expressed in logs. Life expectancy (LIFE), which is another proxy for the stage of development, appears with a positive and significant coefficient. Thus, initial conditions are important determinants of TFP. Terms of trade shocks (TOT) have a positive and significant effect on relative TFP. This simply reflects an income effect that shifts the production function up (for given capital and labor inputs) as the current account improves for given export and import quantities. A good macroeconomic environment contributes significantly to the TFP level: lower inflation (INFL), lower real exchange rate (RER), lower government consumption (Cg), higher ratio of reserves to imports (RESM), and lower external debt (DEBT) are associated with higher TFP levels. Both current account (CACON) and capital account (KCON) convertibility improve TFP.
Equations (2)- (5) show that CACON is significant only when KCON is excluded from the equation because these two variables are positively correlated. Not surprisingly, social harmony and relative political stability, as indicated by a low ratio of war casualties to population (DEATH), increase TFP significantly. Interestingly, all regional dummies are positive, suggesting that developing countries have higher TFP levels relative to the United States than industrial countries (the control group) once the factors, captured by the explanatory variables, are controlled. However, this result is not robust (see Senhadji 1999) .
Finally, the usual cautionary note about the interpretations of the results generally found in the literature applies equally here. These regressions indicate only correlations and not causation. Even if these correlations did reflect some underlying influence of the explanatory variables on relative TFP, these regressions are silent about the precise channels through which TFP is affected.
IV. Conclusion
The contribution of TFP to output growth depends crucially on the share of physical capital in real output (α). The higher is α, the lower is the contribution of TFP to growth because decreasing α lowers the contribution of physical capital (K) and increases the contribution of labor (L). This result, combined with the fact that K generally grows faster than L, leads to the negative correlation between the contribution of TFP and the level of α.
In view of the general sensitivity of TFP analysis to the choice of α, it is useful to identify the results of the TFP analysis that are relatively sensitive to α and those that are not. The results that are robust with regard to large variations of α are the relative ranking of TFP levels and TFP growth rates across countries (especially when α is assumed to be identical across all countries and short-term fluctuations in TFP growth have been smoothed out by taking time averages), the determinants of cross-country differences in TFP levels, the convergence across countries of TFP levels, the high volatility of TFP growth rates of developing countries, and the low TFP performance of Africa. Among results that are not robust are the level and growth rates of TFP and the relative contribution of TFP Abdelhak Senhadji to GDP growth. In particular, the answer to the question of whether TFP growth played an important role in the exceptional growth of East Asia depends heavily on the share of physical capital. It is shown that for low shares of physical capital, East Asia appears to have enjoyed substantial TFP growth while higher shares of physical capital imply modest TFP growth. Estimates of the share of physical capital from production functions in levels, which have been argued to be theoretically and econometrically more appropriate, yield a relatively high share of physical capital (0.48) for the region. This supports the view that the engine behind the exceptional growth in the region has been capital accumulation, not TFP growth.
Estimations results of a set of regressions in which the level of TFP of each country relative to the level of TFP in the United States is regressed on five sets of explanatory variables (initial conditions, external shocks, macroeconomic environment, the trade regime, and political stability) yield the following results:
(1) there is statistical evidence for both conditional and unconditional convergence in TFP levels, indicating countries tend to catch up with the U.S. TFP level, though very slowly; and (2) initial conditions-as captured by the initial levels of TFP, physical and human capital-explain a large part of the differences in TFP across countries. The more favorable the initial conditions are, the higher the TFP performance is. In particular, the initial endowment in human capital plays a crucial role in determining the future level of TFP for a given country. Favorable external environment, good macroeconomic management-that is, lower inflation, lower real exchange rate, lower government consumption, higher ratio of reserves to imports, and lower external debt-both current and capital account convertibility, social harmony, and political stability are all associated with higher levels of TFP.
Finally, a puzzling result in this paper is the relatively high estimate of α from the aggregate production function (the average is about 0.55). This α estimate is significantly higher than the usual values of 0.33 to 0.40, used in growth accounting exercises. This high estimate is obtained under a variety of estimation methods, including methods that take into account the endogeneity problem of the factor inputs, potential autocorrelation of the error term, and the possible nonstationarity of the input and output variables. 21 The lower values of α in the literature are generally based on early studies that directly estimated the share of physical capital in aggregate output from national account data by computing the remuneration of capital as a share of GDP. This method, while more direct and thus probably more precise than the econometric approach used in this paper, is generally also more tedious and not always operational because of the difficulty of precisely measuring the remuneration of capital from national accounts data. This is particularly true for large cross-country studies as the reporting methodologies of national accounts differ substantially across countries, creating further inconsistencies in the estimates.
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Both methods should theoretically yield exactly the same results under the duality principle, assuming the Cobb-Douglas is a valid description of the production process and precise data are available. 22 Thus, the quality of the data can create discrepancies in estimates. But the data quality is only part of the answer as high estimates of the share of physical capital were obtained for all regions, including industrial countries for which the data are relatively good. 23 Besides data quality, the share of physical capital has been estimated under the assumption of constant returns to scale (CRS), which may be violated in the data. If this is the case, the growth accounting framework itself becomes fallacious, as it is based on the CRS assumption. 24 While there is some empirical evidence of increasing returns to scale in some sectors of industrial economies, no clear evidence exists of increasing returns at the aggregate level. 25 Another source of discrepancy between the estimates from the two methods may be related to the important role of human capital in the production process, which is, at best, only partially captured by the skill-augmented labor variable in the production function. The high estimates of the share of physical capital may be the result of not appropriately taking into account the complex channels through which human capital influences output. Unfortunately, there is neither a tractable production function that adequately captures the central role of human capital, nor good measures of human capital.
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22 See Barro (1999) , and Hsieh (1999) for a discussion on the relative merits of primal versus dual estimation of input shares.
23 Extending Jorgenson's (1996) capital share series to 1994 (using exponential trend) yields an average (over 1960-94) share of physical capital of 0.43, 0.47, and 0.40 for the United States, Japan, and the United Kingdom, respectively. These estimates from national accounts are significantly lower than the shares from production function estimation (0.68, 0.55, and 0.53, respectively) . 24 It is possible to reformulate the accounting framework to take into account the presence of increasing returns to scale, but at a cost of less tractability.
25 See Benhabib and Jovanovic (1991) .
